Background: Animal models of diet-induced obesity (DIO) are commonly used in medical research for mimicking human diseases. There is no universal animal model, and careful evaluation of variety of factors needs to be considered when designing new experiments. Here, we investigated the effect of 9 weeks high-fat diet (HFD) intervention, providing 60% energy from fat, on parameters of inflammation and insulin resistance in male C57BL/6J mice.
| INTRODUC TI ON
Adipose tissue is an active endocrine organ that senses nutrient status and regulates energy mobilization. 1 Although genetic predisposition plays a role, the obesity is largely a result of unequal balance between energy intake and energy expenditure, as dietary fat intake is considered to be the main factor for the increase in adiposity. 2 Obesity is characterized by adipocyte death, infiltration of adipose tissue macrophages (ATM) and monocytes, disturbed adipocyte differentiation and secretion, and chronic inflammation. Obesity is associated with multiple comorbidities such as liver disease, metabolic syndrome, and type 2 diabetes mellitus, among others.
Animal models of diet-induced obesity (DIO) using high-fat diet (HFD) regimens that mimic different physiological conditions in humans are commonly used in research. There is no universal HFD animal model. Diets vary significantly in their macro-and micronutrient content, and animal strains respond differently to diets. Other factors, such as age or gender of the animals, also play significant roles. 3 Adipose tissue and adipocyte physiology is directly modulated by sex hormone fluctuations during the ovarian cycle. For example, estrogens affect white adipose tissue (WAT) mass, insulin sensitivity, and glucose tolerance, 4 while increased testosterone levels during the follicular phase of the ovarian cycle increase fatty acid uptake. 5 Thus, choosing the most appropriate animal strand, type of diet, length of dietary treatment and timing, and gender of the animals are important factors to consider when designing new experiments. It is important to note that many studies on diabetes are performed on DIO mice on HFD ranging from 16 to 20 weeks resulting in dramatic increase in animal body weight. 3 This could be a major disadvantage and obtained results should be carefully considered regarding secondary to obesity complications in these mice. Thus, in some cases, shorter duration diets may be considered as more appropriate.
The aim of this study was to investigate the effect of 60% fat diet regimen for 9 weeks in male C57BL/6J mice. We evaluated morphological characteristics (body weight and abdominal circumference), WAT and brown adipose tissue (BAT) depots, liver fat accumulation, plasma levels of circulating proinflammatory cytokines, as well as insulin resistance using QUICKI and HOMA2 indexes. , TNF-α (5.3, 11.0); precision (intra-assay %CV, interassay %CV) for all seven analytes was (<10%, <20%); and accuracy was (% recovery in serum matrix): IL-6 (89%), insulin (89%), leptin (86%), MCP-1 (83%), PAI-1 Total (92%), resistin (77%), TNF-α (85%).
| MATERIAL S AND ME THODS

| Animals
| Blood collection and glucose and adipokine measurements
| Assessment of insulin sensitivity in mice subjects
Insulin sensitivity was assessed by using quantitative insulin sensi- 
| Assessment of hepatic lipid accumulation
Hepatic lipid accumulation was assessed by counting the number of lipid-containing hepatocytes. Data are presented as percentage of lipid-containing hepatocytes per microscopic visual field.
| Statistical analyses
Statistical analyses were performed using GraphPad Prism 7 software (GraphPad Software). Statistically significant difference between the means of two groups (RD and HFD) was calculated using
Student's t test and two-tailed distribution. Results were considered statistically significant if P ≤ .05. Results were presented as mean ± SEM.
| RE SULTS
| Body weight and adipose tissue
HFD-fed mice exhibited ~ 40% increase in body weight ( Table 1, and Figure 1A BAT (interscapular (isBAT)) depots were dissected and analyzed ( Figure 1D ). Body weight increase in the HFD group mice was mainly due to the accumulation of eWAT (Table 1 and Figure 1E ).
Significant increase in fat accumulation was also detected in the isBAT depot (Table 1 and Figure 1E ). In all investigated WAT depots, HFD regimen resulted in significant increase in adipocyte size ( Figure 1D , F, and Table 1 ).
| Liver
HFD-fed mice developed larger livers (Figure 2A ) that were significantly heavier than those of the RD group mice (Table 1 and Figure 2B ). Visually, the livers from the HFD-fed animals were distinguished from those of the RD group mice as pale in color ( Figure 2A ). Microscopic examination of tissue slides revealed higher hepatocyte lipid droplet accumulation in the livers from the HFD, compared to those from the RD group ( Figure 2C and D, and Table 1 ).
| Chronic inflammation
A hallmark of obesity is the higher incidence of adipocyte death and the infiltration of monocytes and macrophages forming crown-like structures (CLS) ( Figure 3A ). Examination of WAT specimens exhibited higher presence of CLS in WAT from mice fed on HFD, compared to those on RD ( Figure 3B and Table 1 ). Mice from the HFD group also showed significantly higher basal circulating levels of proinflammatory cytokines (tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), leptin, monocyte chemoattractant protein-1 (MCP-1), plasminogen activator inhibitor-1 (PAI-1), and resistin) ( Figure 3C and Table 2 ).
| Insulin sensitivity
Both fasting blood glucose and plasma insulin levels were significantly elevated in the HFD group mice ( Figure 4A and Table 3 ).
Based on these measurements, we calculated insulin resistance index by using quantitative insulin sensitivity check index (QUICKI) and homeostasis model assessment (HOMA) index. HFD-fed mice exhibited lower QUICKI and higher HOMA-insulin resistance (HOMA-IR) indexes ( Figure 4B and C, and Table 2 ). Although, there was a tendency for impaired β-cell function calculated on the basis of the HOMA index (HOMA-% β-cells (HOMA-%B)), we did not detect any statistically significant difference between the two groups of animals ( Figure 4C and Table 3 ). HFD group mice demonstrated significantly impaired insulin sensitivity based on HOMA index (HOMA-% sensitivity (HOMA-%S)) values ( Figure 4C and Table 3 ). In this study, we used C57BL/6J mice and a diet providing 60% energy from fat, for a duration of 12 weeks, thus avoiding some secondary consequences related to obesity. We observed approximately 40% increase in body weight and approximately 20% increase in abdominal circumference, due to hypertrophy and hyperplasia of the WAT. In our experiment, the mice fed HFD showed hepatic lipid accumulation and presence of chronic inflammation evidenced by higher incidence of CLS and elevated basal levels of circulating proinflammatory cytokines. These mice also manifested impaired insulin sensitivity, a consequence of the obesity. We evaluated insulin sensitivity by using two different homeostasis model assessment indexes, QUICKI and HOMA2.
| D ISCUSS I ON
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Both of these indexes are calculated using basal levels of glucose and insulin values, and are developed on the basis of empirical methods using human subjects. Since HOMA2 incorporates a normalizing factor specific to human subjects, 23 QUICKI may be a more appropriate index in mouse studies. Nevertheless, multiple in vivo rodent studies demonstrated strong correlation of these indexes with measurements from clamp studies, demonstrating that they are applicable to mice and rats. 24 Our results showed significantly lower QUICKI as well as higher HOMA-IR index values in the HFD group mice, compared to the RD group ( Figure 4B and C). Although, with our sample size, we were not able to detect any statistically significant difference in the β-cell function (calculated on the basis of the HOMA2 index), there was a trend in β-cell function values to be lower in mice from the HFD group, compared to RD animals (50.84 for the RD group vs 40.40 for the HFD group, P = .3496) ( Figure 4C ). Mice from the HFD group also demonstrated almost a 4-fold lower values for the percentage of insulin sensitivity based on the HOMA2 calculations ( Figure 4C ).
The DIO mouse models have proven to be invaluable for chronic inflammation and insulin resistance studies. There is a variety of HFD mouse models of obesity with insulin resistance exhibiting different pathophysiological responses. Here we examined the effect of 9-week HFD feeding in male C57BL/6J mice with a diet providing 60% energy from fat on the development of insulin resistance and chronic inflammation. We concluded that this animal model could be appropriate for studies which aim to investigate prevention and treatment approaches that target a relatively early stages of obesity-related pathology.
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